Summary. The presence of 5-hydroxytryptamine (5-HT) was determined by h.p.l.c. in perchloric extracts of each isolated compartment of the adult rat testis. The testicular capsule, interstitial cells and interstitial fluid contained 5-HT, but 5-HT was not detected in the tubular compartment.
Introduction
It has been known since the early reports by Kormano & Penttilä (1968) that rat testicular tissue contains 5-hydroxytryptamine (5-HT). High concentrations of 5-HT as well as catecholamines and histamine were found in the testes of newborn rats but values were lower in older rats (Zieher et ai, 1971) .
The administration of high doses of 5-HT causes testicular atrophy, presumably as a result of a severe ischaemia (Boccabella et ai, 1962) . Effects on endocrine function were observed with implants of smaller amounts of the indolamine (Kinson & Liu, 1973) . On the other hand, direct effects on steroidogenesis have also been reported (Ellis, 1972; Campos et ai, 1988) as well as the existence of specific [3H] 5-HT binding activity in testicular membranes (Campos et ai, 1988) .
However, the origin of testicular 5-HT and its distribution within the testis remains unexplored. Gonadal 5-HT may originate from serotonergic nerve fibres, uptake from blood, mast cells or intratesticular synthesis.
Histochemical studies (Bell & McLean, 1973) revealed the presence of fluorescent nerve fibres in the tunica albugínea and tunica vasculosa. This capsular innervation was shown to be mainly adrenergic, with a minor cholinergic component. Nerves were also observed in the mediastinum testis, accompanying blood vessels; but they were never observed near Leydig cells or penetrating seminiferous tubules (Dayan, 1970) . It has been suggested that sympathetic innervation may be involved in the regulation of certain testicular functions (Frankel & Ryan, 1981; Frankel et ai, 1984) .
The aim of the present study was to investigate the intratesticular distribution of 5-HT and the possible neural origin of the testicular indolamine.
Materials and Methods
Animals. Adult Sprague-Dawley rats were maintained on a 12 h light 12 h dark schedule in an air-conditioned room (22-23°C). Food and water were available ad libitum. On the day of the experiment, rats were anaesthetized with ether and perfused through the left cardiac ventricle with saline solution (0-9% NaCl, pH 7-4) containing 10 µ -pargyline. This monoamine oxidase inhibitor was added to avoid enzymic degradation of 5-HT during perfusion and sample preparation. To confirm the possibility of a serotonergic innervation of the testis, we measured changes in 5-HT content after the excision ofthe nerve branch which contained 5-HT (see 'Results'). Testicular denervation was performed unilaterally (left testis) under light ether anaesthesia, and the contralateral gonad served as control. With the aid of a Zeiss dissection microscope the superior spermatic nerve arising from the renal plexus was separated from the spermatic artery and a portion of 5-10 mm was excised. Undisturbed control animals were used to study normal 5-HT distribution.
Sample preparation. After perfusion, both testes were removed and decapsulated. The testicular capsule was immediately placed on ice, minced and homogenized in 01 N-perchloric acid, using glass-glass tissue grinders. Interstitial cells and seminiferous tubules were isolated by mechanical teasing, under a magnifying glass. Interstitial cell viability was greater than 90% as evaluated by the trypan blue exclusion method. The resulting cell suspension was centrifuged for 10 min at 800 g, and the pellet was sonicated in 0-1 N-perchloric acid. Isolated tubules were homogenized in the same acid solution using glass-glass tissue grinders. Perchloric acid homogenates of each iso¬ lated compartment were centrifuged at 12 300g for 15 min and the supernatants were further centrifuged through nitrocellulose microfilters.
Interstitial fluid was collected from individual testes essentially as described by Sharpe & Cooper (1983 
5-HT content in testicular nerves
5-HT was assayed in a portion of each of the nerve branches of the superior spermatic nerve. These preliminary studies revealed that 5-HT was only present in the nerve bundle arising from the renal plexus (data not shown).
Effect of unilateral denervation on testicular 5-HT content 5-HT levels in the testicular capsule and interstitial fluid were measured 1 week after unilateral excision of the superior spermatic nerve branch which contained 5-HT. Surgical denervation caused a 34% decrease in capsular 5-HT content, whereas 5-HT levels in the innervated contralateral capsule remained within control values (Fig. 2a) . A similar effect was observed in interstitial fluid 5-HT concentration (Fig. 2b) . 
Discussion
The present results show that 5-HT is present in all testicular compartments, except in seminiferous tubules. The high concentration of 5-HT found in the isolated testicular capsule (Table 1) could be related to the presence of fine fluorescent nerve fibres described previously (Bell & McLean, 1973) , since no other fluorescent structures were observed within the capsule. The histochemical technique used (Falck & Owman, 1965) in these studies identifies all monoamines and therefore serotonergic innervation might also be part of the fluorescent fibres seen in the capsule.
Our results indicate that 5-HT is present in the interstitial fluid of the adult rat testis. The interstitial fluid receives circulating substances and locally produced factors and provides the medium by which the different compartments communicate (Sharpe, 1984) . The 5-HT concen¬ tration in interstitial fluid is higher than that in plasma (Table 1) . Therefore, capillary filtration does not seem to be the only mechanism accounting for the presence of 5-HT in the interstitial fluid. Alternatively, an appreciable amount could derive from the capsular innervation. The 5-HT concentration in interstitial fluid is in good agreement with the K* value found for testicular 5-HT binding sites (Campos et ai, 1988) .
Fluorescent fibres were never seen to end near interstitial cells in the rat. Therefore, the presence of 5-HT in interstitial cell preparations probably reflects the existence of an uptake mechanism which concentrates the indolamine from the surrounding interstitial fluid.
Monoamine oxidase activity has been described in the rat testis, especially located in interstitial cells and walls of seminiferous tubules (Ellis et ai, 1972) . The same authors suggested that such a distribution provides a protective mechanism in the testis for preventing 5-HT from reaching the germinal epithelium. The presence of 5-HIAA in the interstitial fluid (data not shown) provides further evidence for the existence of testicular monoamine oxidase activity. Moreover, our results demonstrating the absence of 5-HT within the tubular compartment are in good agreement with previous observations.
The specific denervation performed caused a significant decrease in the capsular and interstitial fluid 5-HT content, indicating that serotonergic fibres which arise from the renal plexus and follow the spermatic artery are innervating the testicular capsule. The fact that, after denervation, testicular 5-HT only fell about 34% suggests that the excised nerve is not the unique source of testicular 5-HT. Other possible sources could be: (1) different serotonergic fibres which enter the testis through the inferior spermatic nerve (which was not analysed in the present study); (2) the existence of non-serotonergic nerves which take up circulating 5-HT; (3) the presence of mast cells which have been described in the tissue surrounding the testicular artery (Sowerbutts et ai, 1986) and rarely found in the interstitial space (Pöllänen & Maddocks, 1988) ; and (4) the existence of testicular de-novo synthesis of 5-HT, which could be regulated by sympathetic innervation.
Treatment of male rats with human chorionic gonadotrophin induces an increase in testicular interstitial fluid volume (Setchell & Sharpe, 1981) , probably due to an increase in vascular per¬ meability (Sharpe, 1984) . Although the cellular mechanism involved in mediating the effect of hCG on the testicular microcirculation is not fully understood, it has been suggested that 5-HT and oestrogens might be involved (Sowerbutts et ai, 1986) .
The presence of 5-HT binding sites in testicular membranes, and the inhibitory effect of this indolamine on in-vitro testosterone production (Campos et ai, 1988) , suggest a physiological role of 5-HT in testicular activity.
